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THOUGH the intervertebral disc was described by Vesalius over 400 years ago, its important role as a cause of various clinical symptoms has been recognized for only 3 decades. In 19s Stookey 17 reported a number of clinical syndromes resulting from protrusion of the cervical discs, but he and other investigators incorrectly identified these protrusions as chondromas, or neoplasms of notochordal origin. During the period from 19~7 to 193~, the investigations of Schmorl and his students in Europe, TM and those of Keyes and Compete in this country TM provided a more precise understanding of the pathophysiology of the intervertebral disc. Finally, the classic paper of Mixter and Barr in 1934,11 clearly correlated protrusion of the lumbar intervertebral disc with symptoms and signs of nerve root compression. Shortly thereafter, damage to the discs of the cervical spine was recognized as an important cause of radicular symptoms in the upper extremities and operative decompression of a cervical nerve root by laminotomy became an established form of therapy for the various syndromes caused by cervical disc protrusion.
However, not all neurological surgeons were satisfied with the results of this type of operative treatment. Consequently, an anterior approach accomplishing total excision of the disc in conjunction with an interbody fusion was independently developed by several workers. 1 '14 This approach immediately aroused violent controversy.
In this study we review a series of 63 patients who have undergone operation utilizing this anterior approach. We will attempt to appraise the results objectively and critically and to determine the proper applicaReceived for publication November 3, 1964. tion of the procedure to the treatment of cervical disc disease. All of the patients reviewed here were operated upon by the same surgeon.* Evaluation of the results has been done independently by s other surgeons in order to provide greater objectivity in the final assessment of the patients.
Method
A standardized procedure was used to evaluate each patient individually and all patients as a group. The hospital records for each patient were reviewed to determine the preoperative signs and symptoms, preoperative treatment, roentgenological findings and the postoperative hospital course. Follow-up records were also reviewed for each patient.
A follow-up evaluation of each individual patient was done on the basis of a questionnaire. We were interested in obtaining the patient's subjective opinion of the over-all operative result, the nature of any current complaints, the amount of pain present, the medication necessary, and the patient's work record. Each patient was questioned specifically about any complaints that might have been related to operative complications, such as symptoms related to swallowing, pain at the donor site, etc.
In addition, each patient was interviewed and examined neurologically. Cineradiographic examination was employed to appraise the solidity of the fusion, the development of progressive disc degeneration at other levels, and the amount of mobility at the fusion site. This aspect of our review was carried out by Dr. Malcolm Jones of the Department of Radiology and will be the subject of a separate and much more detailed radiological report.
In reaching a final evaluation of the clinical resuit, we adhered to Odom's criteria. 12 The patients in whom the results were considered to be excellent were those "who had no complaints referable to cervical disease and were able to carry on their daily occupations without impair-43~ Edward S. Connolly, Robert J.
ment. The group with good results included those patients who had intermittent discomfort which was related to cervical disease but which did not significantly interfere with their work; the group with satisfactory results included those who ]lad subjective improvement, but whose physical activities were significantly limited; and the group with poor results included those who did not improve or were worse as compared with their condition before operation." The patients were evaluated separately by each examiner and placed in the group agreed upon by both examiners.
The patients who were most difficult to analyze were those with fair or satisfactory results. They demonstrated a much wider spectrum of symptoms than did the patients in the other groups. Some of the patients in this "satisfactory" group were only slightly improved while others had returned to work part-time and required only a modest amount of medication for pain. However, for purposes of comparison and consistency, we decided to adhere strictly to the above criteria.
Difficulty in classification was also encountered in those patients who had undergone more than 1 operative procedure for cervical disc disease. We arbitrarily divided them into e groups. In 1 group were those patients who had had operative treatment prior to but not after their anterior cervical fusion. The results in these patients were considered to reflect primarily the effect of the anterior procedure, and the patients were, therefore, included in the over-all evaluation of the operative procedure on the same basis as those patients having had a single operation. The other group was composed of patients who had required surgical procedures following the initial anterior operation. These patients were considered in the "poor result" category for the overall evaluation of the anterior cervical fusion, and were then analyzed separately according to our clinical impression of the final result of all treatment at the time of follow up.
The patients were also classified into 3 separate groups on the basis of the clinical manifestations which they presented. This was done (1) for comparison with other similarly categorized series and (2) in order to correlate the operative results with the different clinical syndromes. Patients who had objective neurological signs in the upper extremities were considered to manifest evidence of either irritation or compression of a cervical root and were termed "radicular." Patients with subjective complaints and perhaps limitation in movement of the neck, but who were without neurological signs were considered "non-radicular." Finally, there was a small number of patients whose primary problem was that of cord compression.
We also attempted to classify the patients into categories related to the pathology of the disc. Admittedly, this classification was probably not clear-cut and was derived from preoperative roentgenographic studies combined with the operative findings. The patients with a myelographic defect of the root cuff and/or a discreet anterolateral rupture as occasionally demonstrated by discography were placed in a category entitled "soft disc." By this we wished to imply that these were patients whose predominant pathological manifestation of disc degeneration was lateral disc protrusion. The remaining patients were those having a central protrusion on myelography, degenerative bony changes, or both. This latter group was entitled "hard disc." Those patients with myelopathy were placed in a separate group. To evaluate the clinical result further we correlated the pre-and postoperative roentgenologic findings with the clinical result. Finally, we have analyzed our "poor results" in an attempt to determine why the operation had failed to improve the patient's condition.
Clinical Material
A total of 73 patients underwent an anterior cervical fusion between 1958 and 1963 at the University of California Medical Center in San Francisco. Of these patients 6,'3 were available for follow-up study (Table 1) . Of the 10 who were lost to follow up: 1 died during operation; 1 died of an unrelated cause; ~ were unable to return for examination; and the remaining 6 could not be located. The average follow-up interval was 87 months with a range of from 7 to 70 months. The 63 patients ranged in age from 24 to 69 years with an average age of 47 years. There were 36 females and 27 males. The ratio of private patients to industrial patients was 2.6 to 1. Fiftyeight per cent of the patients had occupations that could be considered physically active; the remainder had sedentary occupations.
At the time of initial examination, 45 per cent of the patients had symptoms of cervical disease without accompanying objective neurological findings. The remaining 55 per cent had both symptoms and signs.
The most common symptoms present in these patients were neck pain, paresthesias, shoulder and arm pain. Less frequent complaints were interscapular pain, weakness, headaches and sphincteric disturbances.
The 2 most common objective physical findings were limitation of neck motion and objective sensory abnormalities. Other signs were weakness, asymmetry of the deep tendon reflexes, abnormal reflexes and lower extremity spasticity.
Seven patients (11 per cent) had had no initial trial of non-operative treatment; 6 of these 7 had signs only of cord compression without associated cervical pain. Fifty-seven patients had had various forms of conservative therapy, the most common being cervical traction. Only 40 per cent of the patients who had had cervical traction had been helped by it. The other forms of non-operative treatment were physical therapy, cervical collars, local nerve blocks and local cortisone injections. There was no correlation between the response to any form of non-operative therapy and the results of the operative treatment. The average time from the onset of symptoms to surgical therapy was 42 months with a range of from 1 to 68 months.
Plain x-rays of the cervical spine and a myelogram were made in all patients, cineradiograms were made in 40 per cent, discograms in 10 per cent.
The indication for operative intervention in this series of patients was primarily intractable pain, although patients with cervical spondylosis and myelopathy were operated upon because of progressive neurological deficit.
Sixty-nine anterior cervical fusions were performed in these 63 patients. The procedure used in this series was similar to the standard Smith and Robinson anterior operation. 14 Autogenous bone grafts were taken from the iliac crest. In the first ~0 operations, foramenal decompression with removal of the osteophytes was not done; it was carried out on the symptomatic side in the remaining 50 operations. All neck wounds were drained with a single Penrose drain for s hours. Table ~ illustrates the relationship of the number of levels of fusion to the results. In the 15 patients who had a fusion at only 1 level, 2 were improved. There were 33 patients in whom ~ spaces were fused and of these patients were improved. One-half of the patients who had 8 or more spaces fused were improved and 1 of the ~ 4-level procedures resulted in improvement. Table 8 compares the final clinical result with the clinical and pathological manifestations of the degenerative process. Seventy per cent of the patients in the "radicular soft" group were improved. Only slightly more than 89 of the patients in the "radicular hard" group were improved. In the "non-radicular" patients of the "soft" category, ~ were improved and in the "hard" category, ~ were improved. Two-thirds of the group of patients with myelopathy showed clinical results that were good or excellent.
Results
The over-all incidence of pseudarthrosis was ~1 per cent. Fifteen per cent of the 1-and s level fusions had a pseudarthrosis while 46 per cent of the 3-level fusions had a pseudarthrosis. Both of the 4-level fusions were solid. The results in 9 of these 13 patients with pseudarthrosis were good or excellent.
The follow-up cineradiographs demonstrated some degree of motion present at the fusion site in nearly every case. This finding seemed unrelated to the clinical result. In a few cases of solid 3-level fusion, motion was absent, but only at the middle level.
A preoperative myelographic abnormality was present in 80 per cent of the patients who had an excellent or good clinical result. In the patients with a fair or poor result, a myelographic defect was present in only 50 per cent.
In 1s of the S0 patients who had preoperative and follow-up cineradiograms, progressive degenerative changes at another level were clearly shown. The presence of these degenerative changes at levels other than those fused had no correlation with the surgical or clinical result.
Most of the patients had persistent objective postoperative signs. Sixty per cent had some degree of limitation in neck motion. Forty-four per cent had persistent sensory findings. Asymmetrical deep tendon reflexes were seen in 36 per cent and weakness was present in 35 per cent. The deficit was minimal in most patients although a few patients had a very severe deficit.
The early and late complications in this series of 69 anterior cervical fusions showed 35 complications, ~1 of them being specifically associated with the fusion procedure. Six (16 per cent) of the 35 were considered major complications that could have extended the normal period of hospitalization. The complication encountered most often was persistent pain or persistent hypalgesia at the donor site (16 patients) but in no case was either a disabling complication. The other complications were transient. All complications are listed in Table 4 .
There was 1 death which occurred in a 40-year-old man with no previous history of cardiovascular disease. He became hypotensive in the recovery room immediately following surgery; an electrocardiogram demonstrated a massive myocardial infarction. The patient died on the evening of the day of operation.
Ten of the s patients with a poor result were subjected to further operative treatment. One patient had ~ more anterior fusions with a fair result. One patient underwent exploration of the brachial plexus and transplantation of a biceps tendon with a fair result. Five patients each had s more anterior cervical fusions and a subsequent posterior laminectomy and fusion. The final results were excellent in 1, good in 1, and fair in 3. Two patients had a second anterior cervical fusion and a subsequent posterior laminectomy and fusion; the results in both patients were fair. One patient with spondylosis and myelopathy had a second anterior fusion and subsequent laminectomy with a poor result. Thus, in this group of poor results, 90 per cent of the patients subjected to further operative treatment were improved, ~0 per cent gratifyingly so. Therefore, in the entire series, 1S were not improved or were made worse by all forms of surgical treatment. In most of these cases a reasonable explanation could be found. In 6 of the patients, the poor result was attributed to psychological problems. In 4 patients, other disease processes were be-lieved to account for the poor results. (The poor result in the patient with spondylosis was the result of progression of a severe preoperative myelopathy.) The original diagnosis in the 2 remaining patients may have been incorrect or the poor result may have been related to progressive disc degeneration at a new level.
Including the patients who underwent multiple operations, 80 per cent of all patients were improved at the time of their final evaluation. Slightly more than half were appraised as good or excellent. There was no statistical difference in the clinical results between those patients who were personal liability or industrial accident cases and those who were private patients.
Discussion
Our complication rate as compared to other series of anterior fusions was high. The major complication rate in Stuck's series TM was not stated precisely, but it appears to be approximately 10 per cent, and on further analysis, our complication rate seems to be comparable to his.
Cloward 2-4 reported that nearly all of his patients had transient dysphagia, and neck pain. There were "some" superficial hematomas and one deep hematoma requiring exploration of the wound. Ten per cent of his patients had transient hoarseness. "Several" patients had superficial infections and there was 1 deep wound infection. There was 1 case of pneumothorax, and in 1 patient, the spinal cord was severed. Thus, while there were only 8 major postoperative complications, the over-all complication rate was quite high.
Robinson et al. 1~ reported a complication rate of 18 per cent. There were 4 cases of transient hoarseness and 2 cases of transient dysphagia. Two patients developed transient Horner's syndrome. The vertebral artery was entered in 1 patient and the pharynx was perforated in another. No fatalities occurred in this series.
In our series, pseudarthrosis was defined by the absence of any radiological evidence of bony union between the bone graft and 435 the vertebral bodies. It occurred in 21 per cent of the fused levels (13 of 63 patients). Cloward, using a dowel technique, reported a 2 per cent incidence of pseudarthrosis and Stuck and his associates, ls,19 using a similar technique, reported a 5 per cent incidence. In the Smith-Robinson type of fusion, the rate of pseudarthrosis seems to be generally higher, varying from 12 to 26 per cent. Dereymaeker 5 reported a 26 per cent incidence of pseudarthrosis. Herzberger et al. s had a remarkably low incidence of pseudarthrosis (1 89 per cent) but his follow-up interval was extremely short (rarely more than 1 year).
Robinson et al. 1~ also found that the adequacy of the fusion did not correlate with the clinical result. On the other hand, Dereymaeker and Muller 6 felt that their results were directly related to the adequacy of the fusion, even though they considered 2 of their 8 cases with non-union to be cured. Iterzberger et al2 also state that an adequate fusion is essential for the successful treatment of cervical disc disease.
From the information available in papers concerning anterior cervical fusion, there appears to be no marked difference in the clinical material operated upon in each series. The results, however, vary conspicuously, as can be seen in Table 5 The 71 patients in the series of Iterzberger et al2 were selected for operation primarily on the basis of bony instability as seen on plain roentgenograms. The validity of this criterion as a basis for operative treatment is questionable, but is beyond the scope of this paper. However, allowing for this difference, most of Herzberger's patients are comparable to our patients. His method of obtaining follow-up information was not delineated. His follow-up period was very short, but the data are probably significant. Only a few of his patients were not markedly improved, and all of them had returned to work. In Cloward's series, the operative technique was different and the duration of symptoms prior to surgery was considerably less than in our series. Table 6 compares our anterior fusion re- 7 The patients in these series seemed entirely comparable in that a large proportion of the patients were similar to our "hard disc" and were evaluated by the same criteria, although we were not sure of the authors' methods of follow up.
Summary and Conclusions
A series of 63 patients who underwent an anterior cervical fusion for degenerative disc disease is presented. Sixty-five per cent of these patients were improved by a single anterior cervical fusion.
There was a varying degree of residual motion at the fusion site determined by cineradiography. The amount of motion present and adequacy of the fusion had no constant relationship to the final clinical result.
It is our belief that this operation will gradually find its proper place in the treatment of degenerative cervical disc disease. The results in this carefully evaluated series do not, however, justify the degree of enthusiasm expressed for this operation in some earlier reports.
